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Optical measuring system, and a projection objective 


The invention relates to ah \. optical measuring system 
5 and a projection objective for imaging an object from a 
first plane into a second plane.. 

Particularly in the case of the assembly of the objec- 
tive, for example in semiconductor lithography, objec- 
10 tive parts must be set up relative to one another with 
a high absolute accuracy both in the spatial coordi- 
nates and in the angular coordinates. 

Known for this purpose are measuring- units or measuring 

15 machines with a measuring ta^le and a measuring head 
which, for example, have tactile probes. These measur- 
ing units are designed, for example>' as battery or sta- 
tor measuring machines and can undertake absolute de- 
termination of locations with reference to a freely se- 

20 lectable reference point with high accuracy. However, 
it is a problem when, in addition to exact determina- 
tion Spf location, /there; is also a need to. keep accurate 
angular positions as well. A further difficulty occurs"' 
when a plurality of optical axes are present in the 

25 case of an objective, as happens, for example with an 
objective of the H design. Objectives of this type are 
assembled from a plurality of subgroups which each have 
an "lower axis" as optical axis/ it' being necessary for 
individual axes to be set with very high accuracy at a 

30 specific spacing from one another both as regards angle 
and with reference to the center of the individual sub- 
groups. The individual optical axes must be assigned 
very accurately, in particular. 

35 Reference may be made to US 6, 1*9 f 5 ,2 13 Bl as regards the 
general prior art. 1 ; : : •: * : 

EP 1 168 028 A2 discloses a projection system that has 
an optical system with at least one refractive element 
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and a multiplicity of reflective elements- A multiplic- 
ity of flange mounts hold the optical system, which is 
divided into a multiplicity of individual systems. The 
multiplicity of the reflective elements is mounted in 
5 only one flange mount. This overall system is therefore 
assembled to form an overall .. structure from individual 
modules/individual units. E^cfeHndlvidual unit is ad- 
justable per se. It is a disadvantage of such a modular 
design of the projection system;, that the flange mounts, 
10 which assume the function of carrier structure for the 
overall projection system, require a metallic material 
that, in turn, gives rise to a poor mechanical and 
thermal long term stability and a large mass. 

15 As regards the prior art, reference is made here, 
again, to US 6,195,213 Bl, which discloses, in turn, a 
modular design for the projection^ objective as in EP 
1 168 028 A2. The modular design of the flange mounts 
is thereby expanded by an additional structure to which 

20 the modularly designed objective tubes are screwed. 

US 6,529,264 Bl discloses a projection objective with a 
design similar to that disclosed in US 6,195,213 Bl and 
which has a first optical system that is arranged be- 

25 tween a reticle and first reflective optical element. A 
second optical system is arranged between the first re- 
flective element and a substrat.e, in. particular a wa- 
fer. The first optical system." is held by a first objec- 
tive tube, and the second optical system is held by a 

30 second objective tube. A frame, structure or a trans- 
verse beam connects the first objective tube to the 
second objective tube. The objective tubes are further 
supported one against the other by means of such a de- 
sign. It is a disadvantage of such a construction of 

35 the projection objective that, owing to the transverse 
connection, the two objective tubes each have the same 
vibrational frequency. 

US 6, 473, 245 31 discloses the ] development of the pro- 


jection objective known from' US; : 6 # 529, 2 64 Bl. The pre- 
viously existing structure is: expanded to form a sup- 
port structure with two platforms on which the objec- 
tive tubes are suspended. The objective tubes are sup- 
5 ported in two planes by flexible elements that are each 
arranged opposite one another at the edge of openings 
in the platforms into which the objective tubes are in- 
serted. The flexible elements permit objective tubes to 
be moved radially at right angles to their optical axis 

10 and permit a linear movement-, of the objective tubes 
along the optical axis, and are stiff relative to a ro- 
tation about their optical .axes. The optical axes of 
the two disclosed objective tubes are arranged parallel 
to one another. An objective tube of H design for beam 

15 guidance that is arranged transverse to the optical 
axes of the objective tubes interconnects the two ver- 
tical objective tubes which are parallel to one an- 
other. 

20 A projection objective of stich construction has the 
disadvantage of a relatively complicated design in- 
; ^^nded : ; : -..' : to „. provide; ~ t empe ratufe^ compens at ion and vibr a- 
" tion compensation. 

25 The object of the present invention is to create an op- 
tical measuring system for measuring components in the 
case of which a component assembled from a plurality of 
parts and/or subgroups is set up very accurately with 
regard to the determination of location and angle. 

30 

It is likewise the object of , the present invention to 
create a projection objective in which optical elements 
and optical modules are mounted exactly and at a stable 
position with regard to determination of location and 
35 angle. 

This first object is achieved according to the inven- 
tion by means of the features of claim 1. 
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One of the core points of the;-- J s'olutaon according to the 
invention consists in that their e is not, as before, ei- 
ther a tactile measuring system or optical measuring 
system provided for the purpose of, measuring geometri- 
5 cal values, thus lengths and angles, that is to say po- 
sitions and orientations, but according to the inven- 
tion two independent measuring systems are present that 
both act independently of one another, but access a 
common measuring reference. 

10 

However, there is also the possibility, as an alterna- 
tive, of forming two different measuring references, 
and then combining the two partial references to form a 
common computational overall" reference. In other words, 

IS there are two zero positions to hand which are then mu- 
tually calibrated in order to form a computational 
overall reference therefrom. This can be performed, for 
example, by two probes that operate independently of 
one another and respectively derive their coordinates 

20 from a sphere. 

This results overall in a refe^encieJ with 6° of freedom 
and a coordinate system in #xs£, y and z directions and 
having three solid angles. 

25 ? : : 

Components can be measured exactly with regard to de- 
termining both location and angle and then be mounted 
appropriately because of the inventive combination of a 
measuring unit for exact determination of location with 

30 an optical measuring system, for example an autocolli- 
mation telescope or an interferometer, the two measur- 
ing systems having the same reference plane, that is to 
say being referred to the same, reference . 

35 It is thereby rendered possible, in particular, to use 

i 

two measuring systems simultaneously, successively or 
else alternately, specifically without the need to 
change the position of the component to be measured. 
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The two measuring methods complement one another in an 
optimum association since, for example, the measuring 
element with a tactile probe. t predominantly measures 
length, flatness and shapes; ^whereas the optical meas- 
5 uring system measures chief ly'angles and angular posi- 
tions. Known measuring machines can be used for the me- 
chanical measuring system with the measuring element 
and tactile probe. Since the optical measuring system 
is substantially more accurate than the tactile measur- 
10 ing system, the overall measuring system is thereby 
able to operate more accurately. Angular positions can 
be determined accurately to 0.05 seconds of angle. The 
tactile measuring accuracies can be gathered from the 
appropriate machine data. 

f ' < v- 1 ■. ■ 

is : •.. ;; 

According to the invention,! the second object is 
achieved by means of the features of claim 20. 

According to the invention, a projection objective is 

20 provided that has at least two lens barrels, refractive 
and reflective optical elements, ■ a basic structure for 
bearing and holding the optical elements and at least 
two lens barrels and interface elements, via which the 
x lens barrels are advantageously, connected to the basic 

25 structure. The interface effect ^between the basic 
structure and the lens barrels is based here not on a 
malleability of flexures, which are of only very lim- 
ited stiffness in the non enabled degrees of freedom, 
but on suitable material pairing and mechanical con- 

30 figuration in the interface element. The stiffness of 
the connection between the lens barrels and basic 
structure is substantially greater owing to the inter- 
face elements than would be the case when using flex- 
ures between the lens barrels and the basic structure. 

35 The vibrational effects from the overall projection ob- 
jective can thus be substantially minimized. 

Advantageous developments and refinements may be seen 
from the remaining subclaims. 
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An exemplary embodiment of the invention is described 
below in principle with the aid of the drawing, in 
which: 


10 


Figure 1 shows an illustration ' of the principle of a 
projection objective* according to the inven- 
tion; 

jection objective; • 

Figure 2 shows an illustration of the principle of the 
measuring machine according to the invention; 


Figure 3 shows two frame structures for an objective 
15 of H design; 


20 


Figure 4 shows the upper part of , the frame structure 
according to figure 3 after installation of a 
double mirror, a mirror group and lenses; 

Figure 5 shows the lower part of the frame structure 
according to figure 3, after installation of 
the refractive part of an objective; and 


25 Figure 6 shows the assembly of the upper part and the 
lower part of the objective. 


Illustrated in principle in* figure 1 is a projection 
objective 1 that is designed as,: a catadioptric projec- 

30 tion objective. The projection objective 1 has a basic 
structure 2 that is subdivided into two frame struc- 
tures, specifically into an upper frame structure 3 and 
a lower frame structure 4, and this provides the advan- 
tage that optical elements and/or modules can be ad- 

35 justed very accurately relative to one another- It is 
possible to make use for the bipartite basic structure 
2 of materials that fulfill the, essential requirements 
such as weight limitation, -dynamic and thermoelastic 
stability, substantially better- than the materials pre- 


viously used. These are, for example nonmetallic inor- 
ganic materials such as ceramic, preferably silicon 
carbide (SiC) , in particular reaction-bonded silicon- 
infiltrated silicon carbide (SiSiC) or sintered silicon 
carbide (SSiC) . SiSiC is a composite material made from 
a porous basic body of silicon carbide that is infil- 
trated liquid Si metal at high temperature. SSiC is 
produced from SiC powder mixed,, with sinter additives, 
the mixture being produced wi-thi: the aid of a with the 
aid of a dry press method, normally used in ceramics 
normally used in ceramics, and. wintering at a tempera- 
ture of above 2000°C to form SSiC. The advantages of 
such materials consist in good thermal conductivity, 
very good processability, and in cost effective pro- 
curement. Furthermore, the materials are SiSiC and SSiC 
materials that have material properties which are sta- 
ble and/or not dependent on production, and are, more- 
over, available worldwide. 

The projection objective 1 has at least two lens bar- 
rels 5 and 6, one lens barrel Si,, being supported in the 
upper frame structure 3, and^ having an approximately 
horizontal optical axis. A second lens barrel 6 has a 
vertical optical axis and is supported in the lower 
frame structure 4. The lens barrels 5 and 6 each have 
at least one refractive optical element I,. Provided 
downstream of the lens barrel 5 in the beam direction 
in the upper frame structure 3 is a reflective element 
7 that is designed as a concave mirror, and therefore 
reflects a projection beam path to a beam splitter ele- 
ment 11. The lens barrel 5 and 'the concave mirror 7 are 
arranged at an angle 8 to a horizontal optical axis 8 
in the upper frame structure 3. The angle 8 has a value 
in a range from 10° to 15°. 

The beam splitter element 11 is provided in order to 
deflect the projection beam path (not illustrated) 
which enters the upper frame structure 3 from a reticle 
9, from a vertical optical axis. 10 into the horizontal 
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optical axis 8. After reflection 1 of • the projection beam 
path at the concave mirror 7« and subsequent passage 
through the beam splitter element 11, this strikes the 
deflecting mirror 12. At the deflecting mirror 12, the 
S horizontal projection beam path is deflected into a 
vertical projection beam path along a vertical optical 
axis 13, Thereafter, the projection beam path passes 
through the lens barrel 6 and strikes a substrate 14 
that is preferably designed as a wafer* 
10 strate 14. 

Located additionally in the beam path are X/4 plates 
40, a first X/4 plate being ,' arranged between the reti- 
cle 9 and the beam splitter element 11, and thereby ro- 

15 tating the polarization direction of the projection 
beam path by 90° . A further k/4 plate is arranged along 
the horizontal optical axis 8, and a third X/A plate is 
arranged along the vertical optical axis 13. The po- 
larization direction is in each case rotated or changed 

20 by an arrangement of the X/4 plate in the projection 
objective 1 in order, inter- alia^ to minimize beam 
losses. '*''• 

In order to support and hold the lens barrels 5 and 6 
25 on the basic structure 2 interface elements 15 are pro^ 
vided which are designed to be stiff in all degrees of 
f reec j OITK Each of the lens barrels 5 and 6 has only one 
interface element 15, which is designed as a 
thin-walled closed tubular element. When a force or a 
30 torque is applied to the interface elements 15, the 
latter prevent movement , and thus a movement of the 
lens barrels 5 and 6 inside the projection objective 1, 
Despite being stiff in all degrees of freedom, the in- 
terface elements 15 ensure thermal differential expan- 
35 sion or a thermoelastic compensation between the basic 
structure 2 and the lens barrels 5 and 6 in conjunction 
with possible differences in coefficients of expansion 
of the basic structure 2 and the lens barrels . 5 and 6. 
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Such a thermal expansion compensation can be undertaken 
by use and/or combination of the specific materials 
such as, for example, invar ^ V^ramic and steel, in the 
interface element 15. The lens? barrels 5 and 6 can thus 
5 be held or supported in the V, basic structure 2 in a 
fashion that is very stiff or "virtually free of rota- 
tion. The interface elements 15 are connected via 
flanges 16 to the respective lens barrel 5 or 6. 

10 Because of its large length, the lens barrel 6 is held, 
in addition to the interface element 15, by a flexible 
element 17 that is designed as a diaphragm and is soft 
in an axial direction, in a^ se^pn^plane . The flexible 
element 17 holds the lens * bprel!^ 6 in position ra- 

15 dially, without being positively guided axially. The 
additional flexible element 17.; should be formed from a 
material that has approximately the same coefficient of 
thermal expansion as that of the lens barrel 6, 

20 The reflective elements, specifically the concave mir- 
ror 7 and the deflecting mirror 12, are held in the up- 
per frame structure 3 via bearing elements 18, prefera- 
bly via an isostatic bearing. .The beam splitter element 
11 is also held in the upper ;f;iame ^structure 3 via the 

25 bearing element 18, here :i Vp^cf erably also via an 
isostatic bearing- An isostatic bearing is understood 
as a bearing where only in each : case 2 degrees of free- 
dom are fixed at 3 bearing points. 

30 The lens barrels 5 and 6 have no direct connecting sur- 
faces with the basic structure 2, but are supported in 
each case on the basic structure 2 via the interface 
element 15. 

35 By selecting as material SiSiC "or SSiC (both ceramics), 
which are not porous and have ■ a very dense structure, 
the basic structure 2 is designed in such a way that it 
can take over a sealing function for the projection ob- 
jective 1 at desired points of the basic structure 2. 
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The - lens barrels 5 and 6 in each case form a closed 
unit and preferably themselves take over the sealing 
function for their optical parts arranged in the inte- 
rior. This means that the material of the basic struc- 
5 ture 2, specifically the ceramic,, -.does not come into 
contact in the regions of the * lens barrels 5 and 6 with 
a purge gas which is provided inside the lens barrels 5 
and 6 in order to avoid instances of contamination on 
optical surfaces of the refractive elements L. 

10 

A region 19 in the interior of the projection objec- 
tive 1 that is, for example, bounded on one side by the 
lens barrel 5, and on the other side by the lens barrel 
6, has the beam splitter element 11 and the deflecting 

15 mirror 12. In the region 19, the upper frame structure 
3 of the basic structure 2 itself takes over the seal- 
ing function. In the region of. the concave mirror 7 , an 
additional sheath (not illustrated .here) that surrounds 
the region of lens barrel 5 up to the concave mirror 7 

20 can take over the sealing function. Consequently, the 
purge gas is used to purge inside the lens barrels 5 
and 6, in the region 19 and in the region of the lens 
barrel 5 and the concave mirror 7, in order to avoid 
instances of contamination on the optical surfaces. 

25 However, it would also be possible for the basic struc- 
ture 2 not to take over any sealing function in the re- 
gion 19, the region 19 then being ^separated from the 
upper frame structure 3 so that no purge gas can pene- 
trate to the surfaces of the basic structure 2. Should 

30 the basic structure 2 not take over any sealing func- 
tion, it need not fulfill any extreme requirements with 
reference to contamination and tightness. 

A projection objective 1 constructed in such a way is 
35 constructed, as described below, from the individual 
optical components and/or optical modules 2, 5, 6, 1, 
11 and 12, and the optical "elements and/or modules 2, 
5, 6, 7, 11 and 12 are positioned exactly relative to 
one another. 
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Illustrated in figure 2 is a measuring machine that es- 
sentially has a gantry measuring machine 20 of known 
design . 

5 

It has a measuring table 21 as a granite block that has 
a vertical measuring bore 22 with a transverse bore 23 
in the lower region. An autocbliimation telescope 24 or 
an interferometer is flanged ... on .at the end of the 

10 transverse bore 23. A deflecting mirror 25 is arranged 
at the point where the measuring bore 22 meets the 
transverse bore 23. The autocollimation telescope 24 
(or the interferometer) can be calibrated to the sur- 
face of the measuring table 21 as reference surface 26 

is with the aid of the deflecting mirror 25 and an addi- 
tional plane mirror (not illustrated) that can be laid 
on the surface of the measuring table 21 over the meas- 
uring bore 22. It is possible- in this way for surfaces 
that are to be measured with the aid of the autocolli- 

20 mat ion telescope 24 always to 'Be referenced in absolute 
terms as if to the measuring 'surface 26. It is a pre- 
condition for this that the flatness of the granite 
surface of the measuring table 21 is adapted to the re- 
quired accuracy, 

25 

The imaging is carried out in conjunction with an opti- 
cal measuring head, for example a CCD camera, by means 
of the autocollimation telescope 24; or an interferome- 
ter. It is also possible td?us£ an ^optical sensor, if 

30 appropriate, instead of an optical measuring head. 

,' ■' .' 

As may be seen from figure 3, I 'the assembled projection 
objective 1 is inserted into the upper frame struc- 
ture 3 and the lower frame structure 4. 

35 

The upper frame structure 3 is mounted on the measuring 
table 21 in a first step in order to assemble and/or 
install the optical parts of the projection objec- 
tive 1. The underside of the . upper frame structure 3 


likewise serves as ref erence Vsur f ace 27 with the same 
requirements placed on the flatness as those placed on 
the reference surface 26 of the measuring table 21. For 
the purpose of simplifying the mode of procedure, in- 
stead of the beam splitter element 11 and the deflect- 
ing mirror 12 in accordance with figure 1, a double 
mirror (mirrors arranged at an angle to one another) or 
a prism 28 is inserted into the upper frame structure 
3/ and a plane mirror 7' is simultaneously flanged on 
at the side. Subsequently, the; /underside of the double 
mirror 2 8 is aligned as auxiliary -surface by means of 
the autocollimation telescope ;l4 (or an interferometer) 
(see the beam path a in figure;? in this regard). The 
auxiliary surface is produced' during optical fabrica- 
tion with an appropriate angular accuracy relative to 
the front surfaces. The double mirror 28 is aligned in 
this way with appropriate accuracy within the horizon- 
tal plane. 

Subsequently, the plane mirror 7' and the double mirror 
28 are aligned with the a^.d\ : bf ^the autocollimation 
telescope 24 (see beam path ; b) ; it. is to be borne in 
mind here that an optical beam- emanating from the auto- 
collimation telescope 24 is retroreflected by the plane 
mirror 7' . In this way, the optically active surfaces 
of the double mirror 28 are aligned relative to the 
reference surface 2 6 and the flanging-on surface and, 
in addition, the flanging-on surface of the plane mir- 
ror 7' is also aligned with appropriate accuracy, 

A measuring head 29 of the gantry measuring machine 20 
is now used in order to control the distance of the tip 
of the double mirror 28 from the plane mirror 7' . It is 
known for this purpose to use a tactile measuring ele- 
ment 30 of the measuring head 29. In order to measure 
with the aid of the measuring element 30, the measuring 
head 29 is displaced accordingly on the surface of the 
measuring table 21. If the distance is wrong, it is 
corrected, the preceding points being appropriately re- 
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peated. In addition, the distance of the double mirror 
28 from the reference surface. 26. . is monitored, and 
likewise changed if required, the-, points named above 
likewise being repeated. \'\ . 

Subsequently, a plane mirror 31' is mounted on the up- 
per frame structure 3. The plane mirror 31' is aligned 
in angular terms with the reference surface 2 6 with the 
aid of the autocollimation telescope 24 (or an inter- 
ferometer) (see beam path c) . During assembly of the 
projection objective 1, the plane mirror 31' can be re- 
placed by a lens or lens group 31. Finally, the measur- 
ing head 29 is used to monitor once again the distance 

'-'V: - 

of the plane mirror 31' from, the tip of the double mir- 
ror 28. If the distance is wrong, it is corrected, the 
last mentioned steps being repeated. 

After these measuring steps, the parts inside the upper 
frame structure 3, in particular the plane mirror 7', 
20 which can, of course, also be replaced later by the 
concave mirror 7 and the lens barrel 5, are aligned, in 
terms of the positions, with the ti£ of the double mir- 
ror 28 and, in terms of the ' angles/' with the reference 
surface 26, in an absolute -fashion in accordance with 
25 the accuracy. At the same time- the height of the dou- 
ble mirror 28 Is also set, in an absolute fashion, 
relative to the reference surface 26. Evidently, at the 
same time, the parts of the component to be measured, 
specifically in this case the upper frame structure 3 
30 of the projection objective 1 can be simultaneously 
measured and/or set up on one and the same measuring 
machine 20 with the aid of the measuring system de- 
scribed above, doing so in an = absolute fashion with 
high accuracy both in terms of : ; location and in terms of 
35 angle. 

»- f - 

In a known way, the components to be measured, in this 
case the upper frame structure 3, have corresponding 
reference collars (not illustrated) that can be appro- 
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priately scanned with the aid of one or more tactile 
measuring elements 30. 

The novel measuring system, which is a combined measur- 
5 ing technique composed of tactile ^hd optical systems, 
is distinguished by the common/, reference surface 26 for 
the two measuring systems, : it ■! being possible thereby 
for the measurement results of"' the two methods to be 
directly compared and combined with one another- In 
10 this way, it is no longer necessary, as in the prior 
art, for the measurements envisaged to alternate with 
the workpiece between two measuring sites, something 
which necessarily results in calibration errors. 

15 A further advantage of the system is^ also time saved by 
the parallel operation of the, two measuring systems and 
owing to the elimination of 'any,, time for transport and 
prepositioning between two measuring sites. 

20 Systematic calibration errors can occur with use of the 
surface of the measuring table 21 as reference surface 
26 for both measuring systems. 

It is also advantageous to expand the measuring machine 
25 20 as a mounting and adjusting station. Corrections at 
the component to be measured;; or '.the mparts of the compo- 
nents can be undertaken on ^ the measuring machine 20, 
and then the corresponding changes in location and an- 
gle of the relevant parts can be determined or measured 
30 without loss of the calibration and the referencing 
with reference to reference surfaces or reference 
points for the two measuring systems. The mounting and 
adjusting process, including the use of both measuring 
systems, can be performed iteratively, specifically 
35 without the need to recalibrate the measuring machine. 

In order to install the refractive- part, specifically 
the lens barrel 6, in the lower, frame structure 4, the 
latter is mounted on the measuring table 21 with the 
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reference surface 26. The refractive part 6 of the pro- 
jection objective 1 to be assembled is inserted for 
this purpose into a bore in the lower frame struc- 
ture 4, parts of the refractive part 6 extending into 
5 the measuring bore 22 (see figure 5) . 

The assembly of the projection., objective 1, which has 
been installed with its parts -in the upper frame struc- 
ture 3 and in the lower frame ' structure 4 will be de- 

10 scribed below. It is assumed in this case that the po- 
sitions and angles of the individual components are 
correspondingly exactly correct. A further basis or 
reference surface 32 is formed for this purpose on the 
top side of the lower frame structure 4. The reference 

15 surface 32 is thus located at the point at which the 
two frame structures 3 and 4 are assembled. The assem- 
bly can likewise be performed in this case on the meas- 
uring machine 20. As explained above, in this case the 
optical components in the upper frame structure 3 are 

20 referred to the reference surface 27 and, in terms of 
location, to the tip of the double mirror 28. In this 
way, the reference points of the two objective parts 
can be adjusted relative to one another with the re- 
quired accuracy by mounting the upper frame structure 3 

25 on the lower frame structure 4 and by displacing the 
upper frame structure 3. The tip of the double mirror 
28 serves as reference point 33 for the components in- 
stalled in the upper frame structure 3, and a reference 
point 34 at a main flange or. centering collar 35 of the 

30 refractive part 6 serves for the refractive part 6, in- 
stalled in the lower frame structure 4, of the projec- 
tion objective 1. 

As already mentioned the two frame structures 3 and 4 
3b can consist of ceramic. The same also holds for the 
main flange or centering collar 35. The center or the 
reference point 34 of the centering collar 35 forms the 
center of the module. This center . is determined with 
the aid of the tactile measuring elements 30 in con- 
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junction with appropriate displacement of the measuring 
head 29 on the measuring table. 21 . > As soon as the cen- 
ter of the module has been found in this way, the re- 
fractive part 6 previously inserted in the measuring 
b bore 22 for the purpose of measurement is used to set 
the upper frame structure 3 in which the other objec- 
tive parts had already been installed correctly as re- 
gards location and angle. The upper frame structure 3 
is also mounted in this case on the lower frame struc- 
10 ture 4 . • : • 

... y .•• 

For the purpose of accurate' adjustment, the reference 
surface 27 of the upper frame -structure 3 is displaced 
appropriately on the reference surface 32 of the lower 
15 frame structure 4 until the reference point 33 lies ex- 
actly at the precalculated location (opposite or) rela- 
tive to the reference point 34. 

Ir is important in the case of both components that the 
20 optical axes were ref erenced't at right angles to the 
reference surfaces 26 and-'27 v / sot- that displacement 
along the reference surface 32^'is possible without loss 
of the referencing of the optical axis. 

25 After the upper frame structure 3 is mounted on the 
lower frame structure 3 all that is still required is 
to align the two reference points 33 and 34 with one 
another. For this purpose, the upper frame structure 3 
is displaced appropriately on the lower frame structure 

30 4 until the tolerance range is reached. 

■ > ■ ;;•! 

It is decisive in this case to reference the reference 
surface 26 of the measuring table 21, whereby the upper 
frame structure 3 can be displaced on the reference 
35 surface 32 of the lower frame structure 4 without 
changing the preceding referencing and/or adjusting. In 
this case, a precondition therefore is also that the 
angles have been set in advance. The angles are no 
longer varied when displacing the location of the upper 
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frame structure 3 on the lower frame structure 4 in or- 
der to set up the ref erencei: Jp&ints. v 33 and 34 relative 
to one another. This means t&.at the optical axes also 
are exactly correct. 

■i 

5 •"' ' 

Of course, it is also possible within the scope of the 
invention to subdivide into still more subgroups in- 
stead of assembling the projection objective 1 from two 
components, specifically the upper frame structure 3 
10 and the lower frame structure 4. 

Basically, three reference planes or reference surfaces 
are present, specifically the^'sur fa-be of the measuring 
table 21 as reference surface^ 2 6, the reference sur- 
15 face 27 on the underside of the:;upper frame structure 3 
and the reference surface 32 on the top side of the 
lower frame structure 4. The reference surface 26 of 
the measuring table 21 serves in this case as base sur- 
face. 

20 

Whereas distances b a and b 2 are determined with the aid 
of the measuring machine 20,, the angular positions are 
monitored and set with the aiia-'of the optical measuring 
system via the autocollimation telescope 24. 

Of course, the assembly can also be performed at an- 
other point instead of assembling the upper part and 
lower part of the projection objective 1 on the measur- 
ing table 21. 

30 

After exact adjustment of the two reference points 33 
and 34 relative to one another, the two objective parts 
or the upper frame structure 3.., are/is connected to the 
lower frame structure 4 f whereby the projection objec- 
35 tive 1 "is assembled. The connection can "be performed in 
any way desired, for example by threaded joints 36 in 
accordance with figure 1. 

In order when joining the upper frame structure 3 to 
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the lower frame structure 4 in accordance with figure 6 
to be able to carry out with little friction a very ex- 
act displacement when making a displacement on the ref- 
erence surface 32, an air cushion is produced between 
5 the two parts by means of ' air bearings 37. The air 
bearings 37 are depicted in figure .6 only in principle. 
It is also likewise possible to use fine adjustment 
elements, for example piezoceramic elements, electrody- 
namic drive elements or linear motors. It is possible 

10 in this way to displace the top part or the upper frame 
structure 3 with very little friction on the lower 
frame structure 4. Sensors and actuators, for example 
piezomanipulators, can then be used to adjust the upper 
frame structure 3 exactly. During mounting, the signal 

is from the measuring element 30',! • which scans the tip of 
the double mirror 28 with the reference point 33, can 
be used as input signal for driving the piezomanipula- 
tors with the aid of computers. 

20 A very exact adjustment and positioning of the projec- 
tion objective 1 requires an extremely precise applica- 
tion of the outer surfaces of the basic structure 2, 
that is to say the upper frame structure 3 and the 
lower frame structure 4, in order to create exact in- 

25 terface* surfaces for the subgroups- of the projection 
objective 1. Also involved here is "the angle a between 
the outer surfaces and the flatness of the outer sur- 
faces, in particular of the lower outer surface or ref- 
erence surface 27 of the upper frame structure 3 and 

30 the lower surface of the frame structure 4, which forms 
the reference surface 32. 

The outer surfaces of the frame structures 3 and 4 can 
be processed relatively easily to be very flat and with 
35 very small angular tolerances,, for example, surface 
lapping/polishing, grinding ot\ similar processing meth- 
ods. The plane interference' surfaces created in this 
way permit centering of the components, in particular 
adjustment of the upper frame structure 3 relative to 
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the lower frame structure 4 by an appropriately exact 
displacement. An additional radial centering interface 
surface is generally no longer required. 

5 During the mounting of the projection objective 1, it 
is also necessary for the mirror group 7' to be posi- 
tioned extremely accurately r al'ong the associated inter- 
face surface of the upper frame structure 3. This pur- 
pose is served by a lifting table 38 with the aid of 

10 piezoceramic elements that produce very sensitive 
changes in length of the lifting table 38 in conjunc- 
tion with electrification. Lorentz motors or setting 
screws would likewise be possible as an alternative to 
the piezoceramic elements. The lifting table 38 is de- 

15 signed in this case such that activating piezoelements 
(not illustrated) renders it possible to move in the 
screwlng-on plane of the mirror group 7' on the outer 
surface or interface surface of : the upper frame struc- 
ture 3 in accordance with the; direction of action il- 

20 lustrated by the arrow 39. 

The interface surfaces arc to be fabricated with par- 
ticular accuracy, especially with reference to their 
flatness and their angular orientation. As a result of 
25 this, there is no longer any need to measure in two an- 
gles, and/or these angles no longer need to be set, 
since they are already fabricated. 

• • ' * . ' . 

The lifting table 38 can therefore be designed as a 
30 self-contained device relative to the measuring machine 
20, and ensures appropriate alignment of the mirror 
group 7' . 


